ANALYSIS OF TENSILE TEST DATA
Jim Kilmer
May 25, 1995

This papers presents some analysis and comment on the December, 1992 tensile
tests of the Kevlar fabric used in making the 71" vacuum windows for KTEV. The main
goal of the test was to determine the clamping force needed to hold the window by
comparing tensile tests of samples of the material in grippers modeled like the actval design
flanges. A secondary goal would have been to look for the maximum tensile strength of
the material. Samples were tested with the fibers on a 45 degree angle to the axis of the

force to understand the strength of the weave better. The Instron testing machine in the
Materials Development Lab was used for these tests.

Calculations showed that the minimum force the clamping has to support is 6845
pounds force. The tests showed that 250 ft-1bs of torque on the flange bolts would be able
to support the needed force. Nine tests were done at 250 ft-lbs of torque with the flanges
exactly as the final design and all passed the clamping test. See the attached spreadsheet.
The percent elongation at failure of the fabric sample was found to be 50% higher than the
published data from DuPont for Kevlar fibers alone. This discrepancy can be explained by
the fact that for our tests the fabric does not strain at the same rate as single fibers. The
extra length of fibers because of the weave makes the simple measurement of sample length
only an approximation which could be in error by as much as 50%.

The spreadsheet also calculates the load per inch of fabric to compare with the
published data of the fabric manufacturer. The manufacturer uses ASTM D-1682 to test for
breaking loads and elongation of fabrics. We have no elongation figures for the fabric
from the manufacturer but they do publish the strength. Their number for this fabric is
1800 pounds force per inch of fabric. If our data set is analyzed the measured number is
966 pounds per inch. The difference is in the samples and tests. In ASTM D-1682 a one
inch wide sample is put between grippers that typically grip harder as the tensile force rises
and does not require boits to supply clamping force. The clamping system in our tests does
not supply the same level of grip on the samples. In our sample testing scheme what
happens is that all of the fibers in the areas of the boits (50% of the total sample) are not
gripped hard enough to test to failure. The aluminum ring is meant to distribute the load of
clamping to the areas between the bolts but that force is limited to the amount provided by a
specific level of bolt torque. At some level of testing force the fibers can still slip past the
aluminum ring. The best example we have of that is test number 21 which didn't use the
aluminum o-ring but used the entire flange area for clamping. In that sample it is clear that
only 1/2 of the fibers are participating in the test. If the number of LOADED fibers is
compared then our tests give a load per inch of 1932 pounds per inch which is comparable

to the published data for the fabric. We have kept many of the samples for later visual
inspection.

The success of these tests has been indicated by the fact that in none of the later .
pressure or creep tests has any window shown a tendency to pull out from between the
flanges. That was the principal reason for the tests. The secondary reason of measuring

the strength of the fabric has show results in agreement with the published values of the
manufacturer.

The conclusions above for the 1992 tests are also supported by the July, 1993
testing. The major difference in the two rounds of tests is that in the second round of tests
epoxy was used to better bind the fabric into a more continuous sample, and minimize the
effects of the short fibers in the bolt areas. The epoxy was successful in that as seen by the




universally higher failure loads in the second set of samples. All of the windows in later
pressure-testing have been made with the epoxy bond on the circumference.




Keviar Tensile test

Keviar tensile test resuits

Test Number Strain at Maximum
Failure Load
(inches) lbs force
9 0.52 7900
10 0.47 8100
12 0.47 11300
13 0.47|, 10650
14 0.54 8900
15 0.5 9010
16 0.49 8500
17 0.41 10210
18 0.42 11150
Average of tests 0.47 9525
Length of test samples 7.964
Percent strain at failure
for the average of tests 5.80155701 percent
Width of sample 9.858
Load per inch of fabric 966.220329{Lbs/in
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ABSTRACT:

For the new KTev 1.8 m window tests were necessary to complete safety
requirements and assure the window design would meet the necessary standards. Three
different configurations were tensile tested to find the torque values necessary to meet
requirements based on calculadons. It was found that the use of an aluminum gasket
increased the clamping capability but also increased damage to the window materials.
Without the gasket the clamping fixture slipped at lower loads but held higher maximum
loads. Tests with spacers proved that such assemblies would be very difficult to use.
Increasing torques will increase the capability of flanges to hold the fixture.



INTRODUCTION:

On the new fixed beam target experiment KTev, a 1.8 m diameter vacuum
chamber window will be constructed for experimentation. This window, although very
like others built in the past, is much larger and so extra safety precautions and
documentation is needed. The window is constructed of a kevlar fabric sheet for strength
between layers of mylar for protection and vacuum seal.

Three different clamping configurations were tested. The first clamp was the
same as the fixture used on previous windows with a soft alloy aluminum gasket to
achieve a tight seal and account for tolerances in bulk head construction. The second was
to test without the gasket, holding the window between only the two bulk heads. Steel
inserts were placed in the test samples to simulate a flat bulkhead. In order to use this
configuration much tighter tolerances in the bulk head construction will be necessary in
order to achieve a vacuum tight seal. The third test was conducted with metal spacers
between the flanges inside the window materials to assure bulkhead strength. These tests
required the use of the aluminum gasket.

Several aspects of the window were examined in each test. First, would the
clamping assembly itself damage the window materials beyond usefuiness by
. compressive forces cutting through the materials. Second, at what load will the first slip
or indication of failure occur. At what clamping force or torque would the necessary load
be upheld. Most importantly, what maximum load can be sustained in each
configuration. Finally, the overall damages and performance of the test samples used.

The window bulkhead flanges were simulated by preparing samples for a tensile
test. The clamps were designed to closely simulate the real flanges with both window
assembly bolts and through bolts to the vessel. (See drawing numbers 9220.832.ME-
285684 and 9220.832.ME-285674) All bolts would be torqued evenly. For this test
sample a minimum load of 6845 Ibf would be necessary to meet calculations done in an
ANSYS analysis of the window. (Attached) The tensile test provides a unidirectional
load ratherlt_ﬁa'n an even multi-directional force as in the actual window. The actual
window should therefore perform better than these tests would indicate.



Test Data

Test #|Test Speed| Weave |TorqueiFirst Slip| Max Load |Al dim: see fig|Notes:
in/min__|degrees|ft*lbs Ibf ibf X Y
1 0.05 g0 56 1010 2478 — — |No Myilar used
2 0.075 80 83 2010 2810 |0.061)0.188
31 0.075 90 111 2600 | 3700 |0.084|0.184
4| 0.075 80 139 3260 3900 [0.079] 0.201
5| 0.075 45 83 1200 2005 |0.063]0.181
6| 0.075 45 111 1440 2200 | 0.082; 0.202
7] 0.075 45 55 590 1940 | 0.04510.187
8| 0.075 90 195 6550 8300 | 0.143 | 0.157 |Past Full Scale on Graph
9 0.05 90 195 5400 7900 :0.132] 0.156
10 0.05 90 225 6700 8100 |0.139] 0.153
11 0.05 90 167 3020 5700 |0.119!0.166
12| 0.05 g0 250 7500 11300 | 0.15 | 0.152
13|  0:05 30 280 6800 10650 | 0.156] 0.152
14 0.05 90 250 6300 9900 | 0.167 | 0.156
15 0.05 90 250 5100 8010 | 0,134 0.154 |Strange curve and values
186 0.05 90 250 5500 8500 |0.148] 0.153
17 0.05 80 250 7400 10210 | 0.144 | 0.152 |New Boits used
18| 0.05 90 250 7050 11150 1 0.13610.154 R,
19 0.05 45 250 3980 4510 | 0.157| 0.15 - z
20 0.05 45 250 3700 4005 | 0.147 | 0.149 |Displays Yieid Curve
21 0.08 80 250 5005 13600 | N/A | N/A [No-Aluminum Used
22| 0.05 80 | 250 5010 12950 | N/A | N/A |No Aluminum Used
23| 0.05 90 250 | 7300 12440 | N/A | N/A [No Aluminum Used
24 0.05 90 250 5200 12810 | N/A | N/A |No Aluminum Used
25 0.05 80 250 7050 8000 | 0.146 | 0.151 [Al Spacers
26 0.05 ° g0 250 5100 5900 | 0.132! 0.156 |Al Spacers
27| 0.05 80 250 5800 6810 | 0.143 1 0.157 |Steel Spacers
28 0.05 S0 250 5700 7005 |0.158]| 0.153 |Steel Spacers
29 0.05 90 250 5210 6100 - — |Used Al Spacers
e X Y
{ ) Y
A2 [
Fig 1: Aluminum Cross Section
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Test Data
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Test #|Test Speed| Weave iTorque|First Slip| Max Load |Al dim: see figiNotes:
in/min |degreesift*lbsi ibf | Ibf X Y
Al Gasket used: 250 FT'LBS Torque 4 samples
1 0.05 90 250 7500 11300 | 0.15 0.152
2 0.05 90 250 6300 9900 }0.167]0.156
3 0.05 90 250 7400 10210 | 0.144 ] 0.152 |New Boits used
-4 0.05 90 250 7050 11150 ;0.136 | 0.154
Average: 7062.5 | 10640 | 0.149|0.154
No Aluminum Gasket used.
1 0.05 90 | 250 5005 13600 | N/A | N/A [No Aluminum Used
2 0.05 90 ! 250 | 5010 12050 | N/A | N/A |No Aluminum Used
3 0.05 80 250 | 7300 12440 | N/A | N/A [No Aluminum Used
4 0.05 90 250 5200 12810 N/A N/A |No Aluminum Used
Averageli: 5628.75| 12950
Steel and Aluminum Spacers Used: !
1 0.05 90 250 7050 8000 | 0.146| 0.151 |Al Spacers
2 0.05 90 250 5800 6810 | 0.143]0.157 |Steel Spacers
3 0.05 90 250 5700 7005 | 0.158 | 0.153 |Steel Spacers
4 0.05 90 250 | 5210 6100 — — iUsed Al Spacers
Average: 5940 | 6978.75] 0.149 | 0.154




OBSERVATIONS:

Based on the best representative sampie from each different clamping configuration.

Aluminum gasket 250 ft*Ibf with 90° weave. (Test #12)

Kevlar:

Mylar:
Data Curve:

Failure along aluminum gasket location.

Failures due to fraying and slip from around bolt holes.
Clearly indented along aluminum gasket. No holes or tears.
Smooth with only 2 slips before maximum load reached.

Aluminum gasket 250 ft*Ibf with 45° weave. (Tests #19 and #20)

Kevlar:

Mylar:
Data Curve:

No failure by bolts or aluminum clamp.

All failure in center region 3.75 inches wide.

Some indentation along gasket. One tear at frayed corner.

Apparent yield point exists present.

Very smooth line without slips or failures until maximum load reached.
The yield could not be calculated because the load takes a hyperbolic
shape for which the cross sectional area is indeterminate.

No aluminum gasket 250 ft*Ibf 90° weave. (test #21)

Kcvla.r:_

Mylar:

Data Curve:

Failure outside clamped regions.

Failure areas lined up between bolt locations.

Fraying along edges very evident.

Fused slightly to keviar. Easily remaved with very little damage.
No indentations except slight cloth weave pattern.

Muldple slips and failures before maximum load reached.

Spacers with aluminum gasket at 250 ft*1bf 90° weave. (test #25)
No significant difference in performance of aluminum spacers and steel spacers.

Kevlar:

Mylar:
Spacers:

Data Curve:

Severe failure along Al gasket. Bolt holes remain intact.
Little fraying except along edges.
Both gasket and spacer indentations visible. No tearing, remained intact.

Some seemingly untouched, others severely indented or bent. Aluminum

spacers sustained more damage.
Smooth until several failures immediately before maximum load.



DISCUSSION OF DATA:

All tests had failures resulting from fraying along exposed edges. This would not happen
if fabric pulled uniformiy in ail directions. Fraying wouid also be reduced with the use of

epoxy as all previous windows were constructed. The actual window would be able to
sustain higher loads than tensile samples.

45° weave tests formed hyperbolic shaped tension region resuiting in higher fraying and

indetermiinable cross sectional area. Most 45° weave tests results are not heipful
contributors to the data desired.

First eleven tests used to find minimal torque at which target loads of 13094 and 6845 Ibf
would be met or exceeded.

Widespread values of maximum loads indicate tests not completely valid. Experience
and design theory should not be blatantly overridden by these resuits.

Data for the first slip and maximum load included to provide information on which to

base safety factors. Fraying edges often the cause for first slip. At this value vacuum .

may be lost, in the window application, but no severe endangering failure would occur.

Tests in which spacers were used suspect because of the difficuity in assembly of test
samples. The difficulty and failure to assemble good samples clearly shown by damage

to the mylar and spacers. Better assembly needed than could be done with this test
apparatus.

NOTE: Scales change from test to test on graphs so read test curves carefully.

NOTE: The machine could test to a maximum load of 13000 Ibf so tests at higher torques
were not done.



CONCLUSIONS:

Tears in mylar picces was primarily due to slips after the maximum load failure, not from
the assembly process. The damage incurred because test was taken to failure. The mylar
did become permanently indented.

At 250 ft*Ibf a total bolt load of 54395 1bf is exerted on the fixture. The resulting average
X dimension on the aluminum gasket of 0.149 yields a compressive force of 37032 psi.
This compressive force is higher than mylar's yield and uitimate strengths but failure did

not occur since mylar is extremely elastic. This force is below the strength of kevlar so
no damage to the cloth was induced by the assembly.

Significantly less damage to the mylar occurred on the tests without the aluminum gasket.

250 fr*1bf torque was necessary with the aluminum gasket to obtain a first slip above the
desired 6845 Ibf. The first slip for samples without a gasket occurred at 2 much lower

value than either with the gasket or the desired load. Therefore the aluminum gasket
significantly aided a secure hold.

The aluminum gasket was not deformed to flush with the clamping fixture and did supply

the primary compressive force. This is clearly shown by an average Y of 0.154 which is
greater than the maximum 0.145 depth of the slot.

The highest maximum load at 250 ft*1bf torque was attained without the gasket. this
would show that the gasket did contribute to failure at maximum loads.

Spacers yielded unacceptable results for both first slip and maximum load. To align all
spacers correctly is very difficult and was never done successfully in these tests.

Increased torques would improve the performance of all fixtures and would be reasonable
based on past window construction and performance.






s 745" ) | |

T PER L/ NEAR NCH OF 785 e CUM T SREAI
K EEE A
| L 298 28D o
/X,; B - = /338: 2 lbs
7T 71) |

FeR 9.8CK NIDE  Frxryes _

v, = L0974 @(asj

Vb7 ped VANSIS!
~_ " Tuzi54 850 b

7= AR LINEAR ‘N OF THE Cipcumpm

:’F?;{“j—' -— é;é‘ ’zé

I C

_l'

e ——t e L |

q [ ——
,*v——" R /X___._,h S KEVLAR




2.

] 1T - - SR EEES T T3 [
B} L I RN an . . 1.1 i 0 1 Y O O B e 8 S B |\H 11
) : - ) ] s a4 FENANERE ?I.wm__‘_%@f o
1 ARARE RENEANENEREN _ T4 - | AENEENE \;amrx 15 SEEREN
. LIrEr | ElEr Mﬁw B [ | el e . - BN Hhmwu ApEEE HEN
1] HEpvd NN | EENNEEEe AEE- .
- X LT e NN T ST R
T . INR RN RN N T H:Gﬁ. RENEN UL AR
- 1 L Isiaz i Ll Ao AT 1A 17 N AR T nEinEs
i ) RN lan % 1HAE ) nEEERENERENE ) ANEEEREEEN
T L 11 ?&m; - TR T - T R E
H - .NL . nﬂhxm” 1L - IRENA NN 1]
- ai st [Ty - 1Tl
I :mmumew E ,mw g IR EnRAAn i - T
1.1 -mar eI L] _ - 1 i 111k ARNBRENENE
¥ ..?.Lwa_ K -_ywﬂn : i THETT R FER

08.0 9

¥snH Y 0D HISST B IFJINIA
S3IHON 01 X L =HDN] JHL Ol 0 X 0}

FH

Al

Iuy



T 1. - . - HEPEEEYEEN LA L]
s-i:.ﬂ..{ ‘ - L AR - Hast= s L L EEER } ] §
T T L sl Nnnai NN _._i..&,.._._..fu‘- AL anY
- ) N ) ) ) - T or : | — - . o . P Py ] o e = - - — S— - l'[\‘
THH BT i 11kE - I 1 ?,.%.,ﬁ_m.‘ A oA e
| - LT T 1 jr:ASR0 ) AR
LR AT 1Lkt W- FEHEL ks AL N HEH T
T w T - - - -1 -
. THUT CUEEEFHEEL (U EFLEH R
2 13| PP AW ; . .
. T i hibins : ) - i SRR e
Ty l8n® ; oL g T SRR
It . -
NRE 1 w...h\\ TTHTL
| T 1wv ..1\-,.va\.- FELLLL A LR e e
2}

0840 SV

¥ SD N WYH QD HISST P TAAANIN
SIHINI 01 X £ »HON| 3HL OL 01 X O}

2H




‘,/Z,

/A

b~ - e | N
F LT TETTTTTE LR R e AR L T N
] . i 1R SENyNEREREE) A1 VR AR
- - N . EENNNE |- 1 N ]
T £ AR TR EunaoeanimtyARRER: -
. \ T e - ‘ 111 Ry :..__Hn A
. -H o4 S v TTH
‘ D ﬂd.ﬂ B ) Nus . }
1 n 1sa -3 | VM iy JiIELE PR
: - VO EEL et T o T NS
] B TR R AL TUBA ASRANN 1 11 A1 -
: i Al ] R
- i 13 A

0840 9Y%

wEn W I0YW 'OD YISST W 13I4N3IN
SIHINI 0 X £ «sHONI 3HL OL 01 X 01

34




N\ /2,

\'\lu _ - ~- \\..
. : it A R PR
: SeREANESD S HEER
- + S HHTTSE FE R
Hr 0 T TR ANRES]
T 1 TH ) e | My
- TR Ay |
_ _ N |1p1,. ey ”‘\ll. -
i T TEH L
AREN 1ob | | | prypph ‘ AT
1 ..Lr oPbtl | [err pYW i 1 - |
@113 | BE g |71 T EliEE U THT
i | LSk 1 | | e i AEEEAN U
| 1T HH LR
1l4. & 14 Az || .. IARRENE : !
TR Lk ..w.gx%aumm“ - - ‘ |
= SCETE LT S : TITHTF TPEFTEFERF
vs £ L R R ERERANE
...kkuﬂﬁ -1 1717 |-

0840 9v

¥50Hl30¥n 0D HISEI B 1I44NIN
saHoNI 0L X £ +HONI 3HL OL ol X 01

2H

"

Cad .



FAREANA 11 i S A L
T N - - FA A e
AL VLU A AR
- T Lo - : H L Ry Zanna RS
R 110 sxpuREEaaRRENE -CH L e AR A
- 1. AT R U R R A
TNL CELL R L AT AN | LR EEEEE
1 AL I L TATEL 11 L :
B W O T By . B - Lt 50 O N I D . . B B
N ; - e e T
- " EE= T LT - - _1 ] Tl 1 BEEAR W [ L O
L] L T LT A
1 .. -4 4 -3 — - - . - - - - — b — 1ol —t—4—4—1% 1 — s ”
- - 11 T HE
AR W AT e e IREiiasnsnnssa RN RN ERENENEEE
v kRS R L I T L L T |
4| | 2 (@] | e el A 1
9T ad REEVR=ERRUEE D2 11 -
A vhe n-v.r. -
_ I IO 0 O O O O e _ -
T L AL

AP

0840 9v

e WiI0YM QD MASST B 134N
SaHONI o) X L +HOINY 3HL OL 01 X ot

g

g




/5.

" TS :
D B ) i a - 4
ATFE TR R T L
- - ) \\‘
- ) T TR LA
- SRR nnnEnEnny . - AR e U= NN RNE
- AT T el e LA -
-1 -1~ -1 1T 1] 1 TV L A - EREREN
L L R PN
rd
TR a3l -1
! T AREERE 5
] ) X AR e -
. LA LL 4 RN ENNEER NN HNEREEEEYSE

. ‘._.E.:.Ouzummm.mawmu:uv_
08{0 9% saHaNt L ¥ £ sHONI IHL OL 61 X oI, 4




V\u\—;..\.( Y . ﬁa 1

1 TEEEEE . SRAREERRR Ryl
1TFF T - T NREREd) 1=
— - " o N - l]“\ . -5 —
T ) 1 P By \\.. - - o]
T ] - ~
‘ 4 114 . . .!.N_\\. 1-I- - ..
- 1. {-4— - .\-\-\\ - -t
‘ I - TP E R
o - A4
| -
s J (0% N Yy T
- - \\\\ ~
T [ - R - 1 AEN
: i .:'Hi.lli-llh\ﬁ\a\ T 1l - RN
Y- -1- sn\-uu.l..\l\.ﬂ\ - - — - llwn - —+
r.l...:h‘\..\.. - - - -
17 T 3 =11~ oy
— - 1. 2l 114
) 4 4 .
I i 14 . _ i
ruulu fﬂ_ﬂJ Q T- * - 1
ol .
\m_ :h 144 7 M‘.Avl =
-+ SRR RNEE ] NEEEEN IRENER
- } IERE
-+ o ﬁm@ 1
e = - g Lt l _ n

0840 oY

¥y<0 R YN 0D HISST B 1A44NIN
SIHONI 0L X £ HONI 3HL OL 01 X 0l

3-H




08L0 9%

1

v&0 NLIOYH O3 H3SSI R 1EJ4NaN
s53HONI ol X £ «HDONI AHL O1 01 X 01

2H

l-W“
T LT RAEEREE gl
BENRNE N - AT TR
AA AN N4 T Jx.‘
- AT - - > . i 3
L] L L B | sEEERy o
i HHTHT
) .
ngwmm‘ - . .
- i “4* u\\mw. TH S L[] 1T T T 1T
kwﬂﬁ i /m \Mu A Vl\ )
ﬁm ufm//t 141 oY mmr..uw@ I - -
2 oy . 1 A
ol J w
L% au, \\,ﬂy %AV - | _\m\ -
Bt Categ 27 iMTRRLA (AR A |
! Y‘ % S__d y“wuﬁ : m“\rhw i H I.. - - “. -
HREMRZRRS vao2galRYGysn T | i
ek RUR Y7 62 NERNERED - NEn +H Ml ] |
v P | Pk | 11 T ‘f 1 :
MW\KU #\L ) / | |
5 ANENREE NN EN i 1




5. 2
| =t—1""1 - = ‘“ﬂ\1||.
RENER -+ i i 11 11 I\li1\:l|
REE Al TR AT
HH T T PR PR A

TR U HH TR

;
i
]
;
| i
7
"
|
7
I
[
[
e
|
I
i
[
i
:
T
H|
|
[
1
i

Y

T gea e S i L e
uil el | | AL P -
: ol [ 11 LA E A A
| : : LA HERHA AR A
* L \ R o ol
Nq,p &\ A THVT Tt T - o
LA K Sl xq A e S
W | e Ak T . sRBRANPARRENRERES .
} ,.\W\\‘WW!\\ P”; L - ) - ﬂ.w
ﬂ. ‘.V\ﬂ.\aQ \\ [~ |. - 11 .IIL.|.HH 4~
mnw.gt\m“ (......./v_ ‘.R\m_ ql 111 la:|| B [ O I N % VU DO N N L S
[} ~ A - - 4 - 4—1 -1 - O

\ﬂjs
AN :
~ 207
N ;
"5%1
i
bosoid
!
1
I
|

)

/
1

IA]

~
Fu 1l

]

fal
{

a1l |

g
AR ]

o

il
A4
P
Nl
A
|
Bt

A

R4

i

S S

i
=
L"‘I
™
2

q

A

]

¥

|

!

i

u_-w=wpmw im1 - + i -t ww-‘ TV FL A

. _
¢ ¥sMovn "0D 43883 W TN e} ﬂ
08{0 9y sanok 01 X ¢« MON| JHE OL 0l X 01




11 ; a1 HNER : HH- :
THTE i . - - - - 5 Y
- _ . AREER _ . ,
¥ TRV R EE e KN T LA TR R PR y
BENE 1 1 i b4 ity _ _ 1.4
- i - -1 -1 _ - - - -
- : ) g f Y T
- ot = .\lk,
1, \ ] TV
] -.Auuf, MM S
\N o '8 vil VA LERVAS \.\\ R _ — -
| ) | AL NanenNE 1
T = Sk 13D B 4 ERERE
Luz A LD g ARRN S TH
4 Ll avrrl | 2epiell sunNRaNs T
v RO ol | | RaEre 8 R
- .H\_.:ALT(,UANKV — - - - -1
+ NNEREERAEA) -
- | xrm« +1] i - )

08L0 9%

¥I0 NS 3AYA 00 WIASS B 344N
SIHONI 01 X { «HON| 3HL QL 08 X 01

ZeH




- : T FF T EER PR e - A
: : - AL T A AT
R T TR R L L L L -
T FHL R R R PR FH AR AL A
- : . ' | H i
- - . - - E I
HiH il HH sl W gL LT
HA R R R AT TR T T ARPR A MRS ghn T
) e ATTEEELL 1 HEEREER 1 - + i\z\ R
FH e e | e | | - THHE AL
. 7 TEEE T : e AR
1 - Lu”w\m.mmxwe.. ..‘ﬂ\.uv. ._( 11 L ) T IREEREN
- [ s Pl - T H TR HE

0840 9V

) Wi WLIOVH DD YISSED P 134403
mm:uz_a_xh-zuz_mz._.o._.gx.:

LM

mr .



- L T D Y S

<
o T EFEE- H J-11-F LEEEEET 1= B .
HENNRE TCEELEEEEFEEE T ETE 3 !M .w.“wm. TEH T T E LA - ..-.” .u-
| |I” T T4 ,Nr
] RS dPdPN
\ 2T T,
L7 U Y/
- ST s : .
— A w | r\
1 Ly |
1\ \ . - -
TR B 1T Muwu.. - T )
n R =re ENRLLS %N - )
ARE ! 7\ Lmnu.(.\uﬁ E ﬂ;(.. mAwT -
TR e :

. vsnwovd ‘0D HISSI W 134N
08/0 9¥ SIHONI 0] X L eHDONI FHL OL 0f X 01 WQY—




22,

- e ST -
I SRR i y
T T /
\\ ‘ 1
|5 G innnEn M ]
fj DB \Zqid ‘ - 1 -+
1A Cspyia ) e - 1} 1
P et e et

08/0 9V

w50 N JOYH 0D HISST W TAAININ
STHONI 0L X L «HINI JHL oL o1 X al




23

i

AV

p
)
! Y

A
¥

m- \.\w.\ . ; RREE R Y
N NENA RN N Palll -].-m i T T
: : T b T T
) - - 1 ||‘1 e . I - H—I&“ - + \
.|. i ) I il | - ] | | - \ I
] ‘_m\_... T L CELY
- ] L L NN .\‘ - 1 SN
- ‘t. bkl
| 1 || GMANP - 5t - A ERN
u\,

08/0 9

¥SH NFEIOYR 0D HISSI ¥ JAJININ
SIHINI O X ¢ » HONI BHL OL 0L X 0}

M




A Y o T

ol
13

A

EAN

[

(8]

1

- T HTHI: - T
T - igses il

+rH et AT -
: H-H L AT R LS

T RS T FEEL

11 A THANA L

IRain RECRERNV
4B

-t T ARNRRNL JRuR
: \

: LU AL

&N 0¥ 0D HISSTE B 1R44N3AAH
0840 9¢ caront S0 TR WP TN TH
| e




25,

- i AR L AT FHEE A § X
10T - T - LT R y 4
[ ]
s iis T Tl AT E AT e A e
R R AT L
- . : HH- - NN oy - ]
: R IR : 0 ATFEH AT
MRS AN HCEFL R T R R ] TRt PR e
PR LR R e P e e R
! T LA 1RlEs s
g : L M T AR
DU FE 1L § ] DR LA R EEEEEE
T L 11 RE ST LTS Lk -\..U\- 1l
3 W1 T
- i : WA & 111 ) ] - -
HT Eerh v | e | B W ye | iy THHAHAT
I (-5 3l Lo i |1 M L ] 11T i : ;
1 HETYHL T TE e I
437 iy FPEFP || i THHE
YT ﬁlx 11 I T L 1L L

08/0 9t

¥ 50 K AR OD MISET P 1F4ANIN
SIHINI 01 X ( » HDNI 3HL OL 01 X O

2H




6

ol
g
P 1

, s S \ THEH T R A
, CH L - R LA L _uwa““H
T L T LA |
-- 1] - B el et O !AA
T UL A R 11
O T e IRV /RRRaRRNs
TR : 11 i |l HAL T E
1 Masil AT
e
TR [EiAgs | ey I L

’A)

AV
T e

=
=
< — 13

Ny ed

1040 EnENS ! '
=1 | o - 1.1~ - ] . . Hl
B P T T TLEED
FH I -
1IYNEH :
1 L4 ~ B

08.0 9%

Y50 N I0YN O3 MISEI W 134403

S3HANT DI X ¢ = HONI 3HL OL 01 X 0f

=M

'




27,

. mEaN - AR AN LERTTL ;,x“mmuww
T : i TR
" i JTTTHETET A 11 HEANN
. - ‘ EREEN : AT R maTi
- p7d anAnn
- ' FH-H I THTA E A
: 1UL ' : ann. . , N; 1 - -
|}
1L ] 14 L
) IHE AL
H \\ alise:
S| TR A : 1T L 1 BEn unnl
AT Bl it | 19 PRI - S RS -HH-
4 ] N a2 B
- CEE s AUNCN - - T : T
ARESERRTRNRIRZ=1 . ) T
] Vel b FEPEEL L L | L FLEEEEL 1! NNRERERREREAE 0k ]

080 9%

Y30 HEIOVN QD HISS ¥ 144NN
SIHONI 01 X £ « HDNI THL OL1 08 X ™

¢

2H




R

N

o

- N A
T - ST R
h - T "
g ks 11 - A
xal i T LA
] 11 A _\ iF Bt - ‘m\\ I A
RERAR NN RARNRAN D IR a s
‘ d T L EE
- e NEENEN T
AT E L RN s nu)
1 ) il ‘ L A e A
, 1 : A
MR | | PG 1L . TR
T - — |Ih lll.\l T N |ls|||II wll
: L | bl o HH A o
f t h‘w : ; _ ] ~ EREREE -+ - - T
@i T HEE T 1k HERE A A
i : Al | .

~ 1"
: -0 ¥3S53 W TALININ - .
0840 9Y ey 5 B PTLAE SEPSLRR oM !




T -ﬂjééjjjJjj]_jﬂjﬂé@ﬁj.ﬂjdéjjéﬁjjﬂjﬂjﬁﬂ F T
AhEnaRsaaunsn ‘ ARENEEE NN : “-.Vv,u...w ‘mwwwwwwwt
TR T w.HMl.m.amM,wl.mllliw-ali TTH § . ‘.M\\.. ...|w;1...fl|..HW§uwwu
- - 1 i L A AR I S R UMNWW HHMHMHMHH--MHHM
REanainuanaRRRaNNERE ey e nn s NN EEE] araEs T T T u
HI fRcRRae R RNANRRRaR das eyl BeE L L
I e A AR A
IHWL ,.\%WIH.HHHIAH.. - - ml 1 - ] m 1 - L H,MIIIMHHHHHHH. - ERdEENAEEERAREREE
25 AT g T T I B A O Y I 5 1. . _ AEREREE Tl
il EEBHES b B TS ExdNnas AR R
111«11wma=nuuwmmmumw_ wmwmlual1|alaunuu}lw111«|11|-11|111|11‘-11--nslllxwww¥uww1lxlamauww|awwwwuunup
THiae st | THU R

NN TULTLAT L ) * f L 1L f}l-.l

wepw dom 0D HASS B 123NN . _
08.0 9V satianl of X £+ HONI 3HL OL 01 X 01 Z-H




T TR T, P P R E e AR .
FHA L T AR wmuuuu-.1 A ¥
R A R e e A A
UL T R L R T e A
AR e e e PR | P HE R A f :
. ] : TECHERER A EL LG R RAMmEREwn RN/
TEEH AT TR T _w.mmmqijwmw-HMwmwu At
A 1 T W R
. 15 1 IR0 (RERRRRNNANARY dREESSSRuunns
[ T H T TEATERECH T T ‘mmm;”M i HWWMMW-aimmu; :
SRRk T T EEERIRN THA U
| L L k L T AL
411 o It 1T '8 ARRMAR
“ - o |V it A
L Hagbl | et
..oLw JFEEMY 1S : 1 T EEE
: 4 f gt - : N mmmmmnl| fEEE T
1me\ 3 . + i TR

0840 9V

¥ 5N N TIOYA

‘02 4ISSI B JA45N3AA

S3HoN1 01 X L eHONI 3HL OL 01 X 0F

ce - —




2/

L T L A
sREA e eR AR A RN AR AR e s e A a e A a AR AR RS AN A ea e o

T
I

o
)
5
b
ey
e
yy
T
=T
T
1
!
T
|
i
1
|

23

iy
4
Lq
Phd
LT
L‘A
oY
<J
=3
H
-
ul
sy
el
fa)
1
1
1
]
]
1
i

=
J
h|
<
|
i
<
—
i
I
i
i
|
i

‘. Qn:.QUENWMNﬂJNlh:NV—
0820 9¢ . saony or % eho ST oL oyl 2eH




132,

- 11 ) | T _ IS ) B 7 N
(R RRRBRARERERRE T 11 SH LA /
AL e e e G EH AT
R o | 3Py 9 TR AT A R R
St bl || Gee ainds -]
sprer ket HPPRRERL L R FEE T BT R e e e
(Wit LRVl N 1 T LR AL EREEEENN
TEE bR B O T R R R L EE R R e
-1- o ld - -1 S O I O Ty . - -1 4 d-td- - ) T -

0840 9t

‘wen NIty 0D MISET W 13440
SIHONI 01 X £ =HONI AHL 0L 0L X 04

IH

.\_;




33,

i . isaianaiRaakE . AU
T ‘ . - FEFFFCCET U R R ey
THT : - ERRRAN T R e e
AT LFEEET THETT R R R EERE r
HI: ‘ TFEFFR T TFF R FEE T EF R FEEEC T T EEER T LR (B A
ARINAERARNaREHANE ! , ul FEC L A EE e e e LY
LA ARARSHE AN unuas
. P E ‘ b i ‘ 1\
THI R . HEEHEL L TR FEFFE
1TlE ) _ ]
HH“ T ) TEEE R T AR R EELE --.%-H
1T T T 1 ) W T
RREARR=R2ZNNECidnh | FATTEEAME A e
TS || DRy BafiiianfRRANARRSRENunu s
|| R E | LT | | FEE T EEEFEE LR
s YT T T
T 7 Hs 3l | T AT ‘ VT FEEE FEFEEN

0840 9V

‘ysn Wl iovn 00 HISSI ¥ 1A4INAH
SIHONI 01 X ¢ «HONI 3HL GL 0l X 01

Q)

R




3y

4

- : LT RS i Tl : RN e AT
1T B - _ B . . . N Y _ - - — p’ NEE
11 AT O - L S
L LR 1. : e L T "
HHH T T ETEEE CEEEE A e R AP
111-;-l,1w LA L REEEESS REREREERFEATECES I EER EEARNEEEE -
RANARRTLA Ao | eBe : ‘ HHAE . WA R
HRAN | REFLIEr VAN LT R Jldd | T EE
TR R TR - I T TH A
RRARE PP 4T i A L e A A
| T Lo L | AU TR e
- -Li_l. IR N - : - | _de - i b A1 ]

080 9V

wen N 3aYH 0D HISSI B IAJANAA

SAHOMI 01 X L *HONI

IHE oL 0l X 01

E o)

g




35

. : T H+H T T g |SANRENENENR o
| L ; T sunABREENEEEEN, AN RNEN Fi
— —4-1--+ {111~ —1- 1 - - T 1] 111 ] I.—*
A1 T TR T - IBBRAS »t AT
T 1 - W
- A1 1 EERERT
T ELLUL 1
_ 3P | T g 1 ni
N b3 AN Pl -
1N PLT TV T v ) THHEH -
J LT s | TV e |
THRE R BENTM L ] F
7 e a1 CRBAR] | L ‘ :
] - R pea ||| - ‘ +
| WU?\W -~ | ) - H T
+Holz- hfa_ B . 4 : . T

0840 8¥

-y

‘¥ SR NEIAYA QD HISST B II440IN
SIHONI 01 X £« HONI 3HL O1 01 X 01

2H




26,

AT TITEEEEERR (T T T TR EE EEH P e
HE L FUHTH T L AE L T T
I L AL
T Lo A e T I R SRR EEnN RN
kR e el | | 109705 PH THAEH HH
g N S TTRAGAT 1T -
19 A TP -
1l \\,\w..\\.&uw ,..‘T‘umn_ b sRannaniNEEn
) M.S.M_\._WWMAHC. ST i T O R
] Anggas AT R 1L el

0840 9¥

¥ySnu0YH 0D HISS3T B 13LINAN
sl 0l X £« HONI SHL OL 01 X 91

2




37,

L A
= ]
TAT 1 : 11 T AT
THTHE : AR 7t
JHERARERENNN: A i I G R
TR AT AT AAEL. EEmEERRERRRSuR
TR T ELE T EL PR TR RAREAREl 1 Tk
‘ X LT 4 L 111 m..\--\ R
- : c T T
TR T DA A R
REpEZN) Iy - T PR
.BMJ_L\W \wn\.ﬁ u\n_-wxaw . ERRRS JL L
Lot | [ [T IRREARN TR T
PR R (d R R A
ELL ] st LR [ L AT A PR
¥

0840 9¥

Yen Nl avn "0 Y3ISST W IEAINEIN
SIHINI 01 X L *HDN| JHL OL 0l X 01

T




3&.

5 - J 00 2 0 A I -1
T TH T {E : ‘ U R A e
‘ RRRRRERAS HEESEE. | M R
. TR T e A RHRAS TR A
] B N 44 - -1 R ) .M . - ’ -4 VA A
T TR . IR T i ARB TREANERENRENR (R ARREN AR
| i geeul 1 ny wmwu A A
SNl AR BAERE RN RN .
FHATU R PRt e T 11T . FHHET :
ST | IA it i T .
I 117 T HHHA T 7
T L ‘ AENSEL 11 IRNAREERNRRAA NS
T Edns kAL 1 ; HH T 1H
i CE L ER L EL - T L L 1 Eaadl
1z 1| ASCHEANNEY B ] SRR g . i
T T o =2 IEdF SARRED T T T RAsN _
E-Lb T R LT RRAT 1 | EHHE
7] pu g N d BN AEAN TR - i
(b2l Lagbl. T R R R

08L0 9t

+

‘qm.._..:n.‘:du tumm%d ._m.._u_:uz mov—
SIHINI 0L X ( s HONI JHL Ol 01 X 01




Kevlar Window Tests Part II
KTev 1.8m Window

Frederick Renken
7/23/93
FNAL RD/MSD Mechanical Support Group



ABSTRACT:

A second series of tests was performed for the KTev 1.8m kevlar reinforced vacuum window.
These tests were done to verify the results of previous tests (December 1992) and to find the
effects of added epoxy and a different kevlar fabric manufacturer. The tests indicate that the
bulkhead design and construction is sufficient 1o handle three times the operating pressure
exerted during operating vacuum conditions. The addition of the epoxy dramaricaily improved
the bulkhead performance and no significant differences in kevlar fabric could be noted. Some

concerns remain over the validity of these tests but the window should perform at least as well
or better than the tests indicate.
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INTRODUCTION:

KTev, the new fixed 1arget experiment at Fermilab, uses a large kevlar fabric reinforced myiar
vacuum window. To verify the window meets safety and performance requirements a series of
t€sts were performed using a clamping fixture prepared for a tensile test. The fixture was
designed to simulate the bulkhead for a tension load. The resulis of these tests provided a bolt
torque at which the bulkhead would be able to maintain a vacuum seal without damaging the

mylar window material. The tests also verified which bulkhead construction and configuration
would perform best. [RENK 1992] [SZYM 1993]

After the completion of tests in December 1992 it became necessary to perform another series of
tests. These tests differed from the previous tests by the addition of epoxy to the test samples
and 2 change in keviar fabric manufactrer. The epoxy, used in ail vacuem windows on site, was
not used in previous tests because the cure requires 24 hours. This amount of time was neither
available nor practical for the earlier tests. The second tests investigated the effects of the epoxy
on both the load ar first slip and the load at failure. A new fabric manufacturer was necessary
because the old one could not supply a single sheet to cover the 1.8m window. Testing was
performed in two orienttions because the new fabric did not contain the same number of threads
per inch in both weave directions. Finally, a new part was required for the Instron testing
machine to safely test to the higher loads expected. Everything else, including bolt torque of 250
fr 1bs and the clamping fixtures using aluminum o-rings, was the same for the second tests.
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Al

r Test Data
Renken
ampie Orientation First Slip Max Load Notes
(vertical (kips) (kips)
threads/inch)
35 12.8 13.4
35 12.9 13.05 Test Curve Lost/Cormputer Failure
35 11.9 11.992 Unusual Fail Pattern
35 12.5 13.33
35 11.9 11.96
Average: 12.4 12.746
Deviation: 0.480 0.716
34 14.5 14.51 Almost Complete Fracture
34 131 13.1 Sampie made with "Tension"
34 15.25 15.25
34 13.9 13.96
Average: 14.188 14.205
Deviation: 0.911 0.907
s Average: 13.194 13.394 Desired is 13.094
Deviation: 1.146 1.075
ES:

tation signifies the number of threads per inch sustaining the load or perpendicular to the
oing fixtures. When one is looking art the sample. during the test. this is the number of

is running verntically. The keviar fabric is supplied with 35 threads per inch in one direction
n through 34 threads perpendicular.

lesired load to sustain was calculated from an ANSYS anaivsis of the window {SZYM
i. These calculations determined the load along a section of the bulkhead the same length
* test sample for both vacuum conditions and for a safety factor of three. (Attached)

‘sts were performed at a crosshead speed of 0.05 inches per minute complying with ASME
e testing standards.
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DISCUSSION OF DATA AND OBSERVATIONS:

Fraying was clearly evident on all samples. It was more prevalent in samples that fractured at
lower values, especially around the boit holes and epoxy region, . The test samples would fray
along their edges during the entire test until failure. Fraying was also more significant on the

samples with more threads in the pull direction. Fraying will not occur on the actual window
because there are no free edges from which it can begin.

Effects of handling the samples during transportation and loading are indeterminate. The
samples were prepared at Meson Assembly Building and then transported to the testing machine
in the village. Since the testing clamps were somewhat heavy, loading samples into the machine
was awkward and could have introduced failure points. Attempts to verify or control any effects

were unsuccessful.  Clearly the actual window will suffer no ill effects from handling and
excessive transportation.

The data range is very high as indicated by the standard deviation. A high deviation leads to
concerns over the validity of the tests. Engineering design and experience with existing windows

should be considered along with these results. Furthermore, tests of the actual window will be
the most accurate indicator of window performance.

The aluminum gaskets sustained similar deformation to previous tests. [RENK 1992]
Elongation of test samples approximately the same as previous tests. (RENK 1992]

Mylar remained undamaged, but reflected indentations from the aluminum o-ting.
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CONCLUSIONS:

The 1.8m window should be able to sustain a 45 psig load. This is a safety factor of three over
the operating conditions of the window (14.7 psia on vacuum). As attached calculations show,

the force exerted in the x direction at 45 psig is 13,094 Ibf which is below both the average first
slip and failure values of 13194 1bf and 13394 ibf respectively.

The fabric appears to be swonger in the direction with fewer threads per inch. This is probably
due to fraying which was more evident in the first tests performed with 35 threads per inch
sustaining the load. Without fraying the fabric is most likely the same in any direction. The
actual window, being circular and enclosed, will not have any fraying and so will be able to

sustain higher loads than these tests indicate. Otherwise no differences in kevlar manufacturers
can be determined from this test.

Failure patterns indicate uneven load distribution on the sample or the presence of weaker
possibly damaged points. It was impossible to test distribution with the apparatus despite
attempts to create an even load throughout a preloaded test sample {kev7). To construct the
actual window, a plywood frame will be used to apply tension to the kevlar cloth to evenly and

efficiently distribute it across the bulkhead. This was also done on the four foot window
previously consrructed.

The use of epoxy on the test samples dramatically increased the load at which first slip occurred.
Without the epoxy, the average first slip occurred at 7062 1bf. The final failure value was also
increased by the use of the epoxy. This s shown by the increase from 10670 1bf, without the
epoxy, 10 13394 with the epoxy. Additional epoxy placed around the bolt holes, as was done on

previous windows, may continue to improve load values but not significantly.

page 6



REFERENCES:

[RENK 1992] Renken, Frederick. "Kevlar Window Tests" 12/23/93 unpublished. submitted to
A. Szymulanski and J. Kilmer.

[SZYM 1993] Szymulanski, Andrew. "The 48 Inch Vacuum Window Component Inspection
and its Impact on 1.8m Window Analysis.” unpublished, a memo to J. Misek

page 7



LOAD CALCULATIONS FOR TEST CLAMPING FIXTURE:
A. Szymulanski 12/18/93

ANSYS: At45 psig (Safety factor of 3)
Tx =296280 lbf: see Figure 1.

Tx per linear inch of the circumference:

r, =238280 _ .58 0 1
: 1'1(71)

For a 9.858 inch wide fixture:

Tx = 13004

ANSYS: At 14.7 psia (vacuum operating conditions)
Tx =154880 lbf.

Tx perlinear inch of the circumference:

. = 154880 =694 .25
: 1'1(7 2)
For 9.858 wide fixture:
Tyx = 6845 Ibf
<— Bulkhead
(Clamping Fixture)
*Tx
Yacuum Alr

Tx

Figure 1: Cross Section of Bulkhead with force Tx exerted by fabric.
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Kev1.6/30/93

|

|Fred Renken

{30-Jun-83

|Keviar Test 1

{Parallel count: 34

|Perpendicular count: 35

Maximum Load 13.4 Kips

First Slip 12.8 kips

Standard Const—250 Fi-Lbs

Torque

l.oad (Lbf)
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Keviar Test 2 | i | 1
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|Perpendicular count: 35 i i

IMaximum Load 13.05 Kips | | ;

|First Slip 12.9 kips | | | |

Standard Const—250 Ft-Lbs Torque 5 1 !

i i I i 'i

Computer failure resuited in loss of data curve. | !
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Kev3.7/6/93

{Fred Renken

16-Jul-93

IKeviar Test 3 .

i
| |
: i

|

| Paraiiel count: 34

'Orientation to test fixture

Perpendicular count: 35

| 3
1 i

Maximum Load 11.99 Kips

First Slip 11.9 kips

Standard Const—250 Ft-Lbs Torque

!

Load (Lbf)

12000 —

10000 -

8000

6000

4000

2000

0

Kev3 Test Curve

e
e ————

"

0.000 0.100 0.200

1
¥

0.300 0.400 0.500 0.600
eiongation (inch)

0.700

J
i

0.800




g Keva.7/9/93
ion cotumn | 1 | i
|Fred Renken ‘: l |
19-Jui-93 : [ i i
iKeviar Test 4 : ; i i |
|Parallel count: 34 i |
|Perpendicular count: 35 | |
Maximum Load 13.33 Kips | i
First Slip 12.5 kips i | |
Standard Const—250 FisLbs Torgue !
i l %
' | |
| i
Kev4 Test Curve
14000 —
12000 -
10000 -
< o
;, 8000 -
=
o
S 8000 — ;
4000 — l¥
2000 - B
0 T i
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800
eiongation (inch)




Kev5.7/12/83

{Fred Renken

12-Jul-93

Keviar Test 5

Parailet count: 34

Perpendicuiar count: 35

Maximum Load 11.96 Kips

First Slip 11.9 kips

Standard Const—250 Fi-L.bs Torque ' i
: z

Load {(Lbf)

12000
10G00
8{500
6000
4000

2000

Kev5 Test Curve

0.000  0.100 0.200

o
u
|}
.I
1
_-'
.I
.-"..
.-"". |
1
; ‘
0.300 0.400 0.500 0.600 0.700

elongation (inch)




Kev6.7/14/83

1 | ‘

|Fred Renken i

|14-Jui-93 ;

Keviar Test 6§

Parallel count; 35

Perpendicular count: 34

|IMaximum Load 14.51 Kips

jFirst Slip 14.5 kips !

Standard Const—250 Fi-Lbs Torque

| |

|

|

|

- !

_ i |
: ! |
: ! |

Load (Lbf)

Kev6 Test Curve

16000 —
14000 — ...-‘. %
12000 — '
. . n )

| ]
10000 + " i

. |
8000 - 3 ll

6000
4000

2000

et
N
.

]
1

0.000 0.100 0.200 0.300 0.400 0.500 0.600

elongation (inch)




Kev7.7/16/93

Fred Renken

16-Jui-93

Keviar Test 7 !

Paraile! count: 35

Perpendicular count: 34

Maximum Load 13.1 Kips

First Slip 13.1 kips

Standard Const—250 Ft-Lbs Torque

14000

12000

Load (Lbf)

10000

8000

6000

4000

2000

0

Kev7 Test Curve

0.000 0.100

0.200 0.300

elongation (inch)

0.400

0.500

0.600
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|Fred Renken

[19-Jul-93

|Keviar Test 8 1

{Parallel count: 35

iPerpendicuiar count: 34

[Maximum Load 15.25 Kips

|First Slip 15.25 kips

|Standard Const—-—-250 FtsLbs Torque

%

16000

14000

l.oad (Lbf)

12000

10000

8000

6000

4000

2000

0

™
n
=
n
u
ssasasnal®

Kev8 Test Curve

0.000 0.100

0.200 0.300

elongation (inch)

0.400 0.500




Kev9.7/21/93

Fred Renken

21-Jul-93

Keviar Test 9 |

Parailel count; 35

Perpendicular count: 234

Maximum Load 13.98 Kips

First Slip 13.9 kips

Standard Const—250 Ft-Lbs Torque

|

|
i

Load (Lbf)

14000 —

12000 +

10000 +

8000 —+

6000 —

4000 +

2000 —+

Kev9 Test Curve

0.000

0.100

0.200 0.300
elongation {inch)

T

0.400

0.500

0.600







